Left venitricular pressur-es were obtained in 14 patients with acute myocardial infarction, of whom seven survived. Calculated contractile element velocity (VCE), left ventricular end-diastolic pressure, and maximum dp/dt were compared with other hemodynamic measurements of LV function. V(EF at 5 mm Hg (VCEI) was calculated accordinig to the Maxwell three-component model of muscle and used as ain index of overall contractile state. There was considerable overlap between survivors anld nlonlsuirvivors in the levels of V(-E, LVEDP, cardiac index, heart rate, aind systemic From the
vascular resistance. There was a reasonably good separation between survivors and nonsurvivors with measurements of mean arterial pressure, maximum LV dp/dt, mean isovolumic Ap/At, and stroke work. Changes in V(E5 were no more sensitive after five inotropic interventions than ventricular function curves in monitoring changes in conitractile state. It is concluded that LV pressure measurements in acute myocardial infarction offer little further clinical information of importance beyond that which caln be obtained from measuremeints of pulmonary capillary wedge pressure, arterial pressure, anid cardiac output.
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Force-velocity relations Ventricular function curve Maximuim dp/ dt Prognostic index SINCE acute myocardial infarction is primarily a disease of the left ventricle, the estimation of left ventricular function is of paramount importance in assessing the severity of circulatory impairment produced by the infarction. Standard technics for evaluating left ventricular function during diagnostic cardiac catheterization involve the measurement of left ventricular and arterial pressures in association with cardiac output.1. From these measurements and from ventriculograms, various indices have been derived for the description of left ventricular function. [5] [6] The present study was undertaken to evaluate the usefulness of left ventricular pressure and derived indices in characterizing the degree of myocardial impairment, the effects of various therapeutic interventions, and the ultimate prognosis in a group of patients with acute myocardial infarction.
Methods
Fourteen patients admitted to the Myocardial Infarction Research Unit with an acute myocardial iinfarction confirmed by ECG and enzyme analysis underwent retrograde left ventricular cathieterization after informed consent. There were 11 men and three women with an age range of 40 to 80 yeais. Seven patients died, while seven survived to leave the hospital. The clinical status of the suibjects is summarized in table 1. Left proaches inifinity and is indefinable as an index of contractile state. Therefore, the value of V(,., at 5 mm Hg (VCE5) was used as an approximation to V,1,,.1. V,(, was calculated on three successive beats anid averaged.
Error Analysis
The calculation of force-velocity relations from left venitricular pressure depends on the assump-tioIn that (1) there is an isovolumic portion of contractioni, (2) the ventricle is contracting uniiformly, aind (3) the series elastic conistants are the same for different hearts. Although these assumptions are violated in the setting of acute myocardial iinfaretion, calculations of VCE might provide some overall melasure of the averages of the force-velocity relations of the left ventricle.
A catheter-tip tranisducer was not used in these patients with acute myocardial infarction. Previous studies, however, have suggested that there may be a little difference14 or only a small systematic difference'between force-velocity relationis calculated from a fluid-filled catheter attached to a transducer anid a catheter-tip transducer. This difference is related to the underdamping typical of fluid-filled catheter-transducer systems. The error imposed in the calculation of Vmax in the present study was estimated according to the method of Falsetti et al.14 The frequeency response of the catheter-manifold-transducer system employed was analyzed by application of a squarewaxve pressure tr-anlsien2t, equivalenlt to approxim-ately 150 mm Hg, to the system witlh the catheter actinig as a vent. The output of this response was amplified, electroinically filtered above 10 Hz at 6 db per octave, and recorded at 100 mm/sec. The resonant frequiency of the system was determined from the recorded waveform and found to range from 8 to 22 Hz.
The fraction of critical dampiing raniged from 0.4 to 0.2, respectively. The error in calculated VM,,x for such a system is approximately +15%, which compares favorably with the magnitude of error previouisly repoIrted usinlg fluiid-filled catheter systems. 14 
Results
The initial hemodynamic evaluations obtainied oni each patient after his arrival in the Myocardial Infarction Research Unit are illustrated in figure 1. For comparative purposes the patients are divided on the basis of their subsequent survival or nonsurvival. Although there wvas considerable overlap in heart rate, cardiac output, and systemic vascular resistance between the two groups, there was almost a complete separation in terms of mean arterial pressure. A similar separation was afforded by calculated stroke work. The nonsurvivors died of power failure and not arrhythmias.
Sample tracings of left ventricular pressure, dp/dt, and the electrocardiogram are illustrated in a representative patient in figure Representative tracings of the ECG, left ventrictular (LV) pressre, and electronically differentiated LV dp/dt in patient 1. The end-diastolic pressture (EDP) is designated. The dots on the upstroke of the second venitrictlar pressure and dp/dt traces indicate the measured points uised in the calctulation of contractile element velocity (V,E).
between the survivors and nonsurvivors, so that it was a poor prognostic indicator when compared with maximum LV dp/dt or mean arterial pressure.
The relationship between calculated Vci:35 and left ventricular maximum dp/dt is illustrated in the upper panel of figure 5 . Although there was a general relation between the two indices, VCE5 provided poor separation between survivors and nonsurvivors in contrast to maximum dp/dt. This probably reflects the dependence of maximum dp/dt on arterial pressure as well as on contractile state.0 The relationship between LV maximum dp/dt and mean isovolumic Ap/At is illustrated in figure 5 , right. The good relation between the two suggests that meani isovolumic Ap/At can be used as an estimate of maximum dp/dt in patients in whom left ventricular pressures are not available.9
Effects of Inotropic Interventions
Inotropic agents given to five patients while the LV catheter was in place allowed for a comparison of the sensitivity to changes in contractile state of indices calculated from LV pressure (Va. ,) and standard ventricular functioni curves (stroke volume or stroke vork vs LV filling pressure). Three patients received digoxin 0.01 mg/kg while the left ventricular catheter was in place. One patient (no. 2) showed no detectable hemodynamic response in terms of changes in arterial pressure, cardiac output, left ventricular end-diastolic pressure, maximum dp/dt, or Vcr.- Patient 8 showed a good therapeutic response to digitalis, as illustrated by the measurements shown in figure 6 . The pressure-velocity relation is plotted before and after digitalis therapy, while the other hemodynamic measurements are tabulated in the inset. The increased contractility of the ventricle was evidenced by the upward shift of the pressurevelocity relation and also by an increase in cardiac output, a decrease in heart rate, and a rise in maximum dp/ dt despite a fall in the enid-diastolic pressure. A third patienit (nlo. 1 Measurements of left ventricular. end-diastolic pressuire (LVEDP), LV max dp/dt, and VX.C. at 5 mm Hg. The small horizontal line represents the average valtue for each group (sturvivors or nonsurvivors). The only statistically significanit difference betwteen the two g(roups occurred w,ith LV max dp/dt (P < 0.05).
xvho received digoxini ( fig. 7) , showed a reduction in LVEDP and cardiac output, a slight increase in arterial pressure and maximum dp/ dt, and no change in VCE5. These findings suggest that the primary measurable effects of digitalis in this patient were (1) a peripheral vTenodilation with a reduction in venous return and preload and (2) a slight arteriolar vasoconstriction. Patient 11, given 5 mg of glucagon iv, showed no change in cardiac output, end-diastolic pressure, maximum dp/dt, or in V(E at 5 mm Hg. One critically ill patient (no. 6) was given an infusion of Levophed (16 pg/min), as illustrated in figure 8 . Measurements of force-velocity rela--, tions showed a minimal rise in V{E measured N at 5 mm Hg from 0.98 to 1.19 muscle length/sec. This slight increase in contractility was also evidenced by a slight increase in maximum dp/dt at the same preload despite a fall in heart rate.
A comparison of Vcl.,:, with points on a ventricular function curve is illustrated in figure 9 . For each patient the level of stroke work is plotted as a function of filling LV max dp/dt -nnHg/sec 4000 Figure 5 (Left) Relation between VcE at 5 mm Hg developed pressure and LV max dp/dt. Although the two are related, LV miax dp/dt provided a better separation between survivors and nonisurvivors than did VCE at 5 DEVELOPED PRESSURE-mmHg Figure 6 Efects of digoxin (0.5 mg iv) on the pressure-velocity relations and hemodynamics of patient 8. Digitalis produced a shift upward in the pressure-velocity relation with an increase in VCE from 1.50 to 2.87 muscle length/sec. There was a corresponding increase in max LV dp/dt and cardiac output, together with a reduction in end-diastolic pressure. between VCE5 and the level of stroke work is evident. The level of stroke work, however, was similar to mean arterial pressure and maximum LV dp/dt in separating survivors from nonsurvivors.
Discussion
As in previous reports,'6 we have found left ventricular catheterization at the bedside without fluoroscopy in acute myocardial infarction to be relatively safe and technically feasible. The important question, however, is whether or not the information gained from this procedure adds materially to our understanding of the functional change in cardiovascular performance or to the management of these patients.
One important measurement obtained during left ventricular catheterization is a measure of the preload or left ventricular end- Effects of digoxin (0.6 mg iv) on the pressure-velocity relations and hemodynamics of patient 1. There was no apparent alteration in the pressure-velocity relations in this patient. The reduction in cardiac output and end-diastolic pressure suggests a movement down the Starling curve appropriate to a possible increase in venous capacitance and decrease in venous return. DEVELOPED PRESSURE -mmHg Figure 8 Effects of Levophed (16pug/min iv) on the pressurevelocity relation in patient 6. A slight increase in contractile state is suggested by the increase in max dp/dt and VcE5 at the same end-diastolic pressure. wedge pressure (less good for PA diastolic pressure) and left ventricular mean diastolic pressure17 provides a measurement of left ventricular preload from simple right heart catheterization. Therefore, this application of left ventricular catheterization should be restricted to patients in whom a valid pulmonary capillary wedge pressure is not obtainable and in whom monitoring of appropriate fluid volume is of critical importance.
Contractile element velocity can be obtained from measurements of left ventricular pressure and dp/dt. Because of the nonuniform contraction pattern of the left ventricle in acute myocardial infarction, however, such calculations can represent, at best, only an overall average. In particular, as pressure is developed, ;the infarcted segment undergoes paradoxic systolic expansion, while the normal myocardium shortens. Furthermore, any degree of mitral regurgitation secondary to papillary muscle dysfunction or left ventricular dilatation permits muscle shortening. Thus, without an isovolumic period the calculation of VCE from pressure data alone becomes only an approximation.
Previously published studies of Vmax in the intact heart have employed a two-component model of muscle4' [13] [14] [15] which employs total LV pressure (LVEDP + developed pressure) in the calculation of VCE. If LVEDP is small, the differences between muscle models are negligible. Thus, the lower range of normal subjects in our laboratory, which is about 1.5 muscle lengths/sec using the three-component model (unpublished data), compares favorably with data from normal subjects obtained with the two-component model. 14 The general relationship between left ventricular maximum dp/dt and VCE5 suggests that LV max dp/dt may be the more useful index of overall contractile state since it is more readily obtained. However, maximum dp/dt is also influenced by mitral regurgitation, acute ventricular aneurysm, and the level of arterial pressure. With hypotension, for example, LV max dp/dt may be apparently reduced since the aortic valve may open before maximum dp/dt would ordinarily have been reached. This may be the reason why left ventricular maximum dp/dt was a better prognostic index than VCE5 since it was also influenced by arterial pressure, which was an excellent prognostic index in this study. The correlation between LV max dp/ dt and isovolumic Ap/At may allow for estimation of contractile state in the absence of direct measurement of left ventricular pressure. Since preejection period (PEP) correlates very closely with ICT, one may estimate LV max dp/dt by calculation of mean electromechanical Ap/At (arterial diastolic pressure pulmonary artery wedge pressure/PEP).9
Another potential value of VCE5 would be as a sensitive index to changes in contractile state. Previous animal studies, for example, have suggested that V,,ax is slightly more sensitive to changes in contractile state than standard ventricular function curves.'8 In the present study the sensitivity of VCE5 to inotropic interventions appeared to be about the same as the hemodynamic measurements which describe a ventricular function curve.
It would appear, therefore, that the measurement of left ventricular pressure may provide little more information of clinical value than can now be obtained with standard hemodynamic technics employing the pulmo-Circulation, Volume XLV, February 1972 nary artery balloon catheter and measurements of cardiac output. In selected cases left ventricular catheterization may be indicated if appropriate measurements of left ventricular filling pressure cannot be otherwise obtained from pulmonary pressures or when precise measurements of the magnitude of the "a" wave are desired. Furthermore, in selected cases with acute myocardial infarction, when early coronary arteriography and ventriculography are undertaken prior to surgical intervention,'9 left ventricular pressures are routinely obtained. Further evaluation of data from such sources may provide additional information relative to the importance of measurement of the function of the left ventricle directly.
